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in the following way where power at
idle is equal to zero:

individualgas

(2) The weighting factors and the
number of modes (n) used in the cal-
culation in paragraph (g)(1) of this sec-
tion are according to §89.410.

[69 FR 31335, June 17, 1994. Redesignated and
amended at 63 FR 56996, 57017, Oct. 23, 1998]

§89.419 Dilute gaseous exhaust sam-
pling and analytical system descrip-
tion.

(a) General. The exhaust gas sampling
system described in this section is de-
signed to measure the true mass of gas-
eous emissions in the exhaust of petro-
leum-fueled nonroad compression-igni-
tion engines. This system utilizes the
CVS concept (described in 40 CFR part
1065, subparts A and B) of measuring
mass emissions of HC, CO, and CO,. A
continuously integrated system is re-
quired for HC and NOx measurement
and is allowed for all CO and CO, meas-
urements. The mass of gaseous emis-
sions is determined from the sample
concentration and total flow over the
test period. As an option, the measure-
ment of total fuel mass consumed over
a cycle may be substituted for the ex-
haust measurement of CO,. General re-
quirements are as follows:

(1) This sampling system requires the
use of a PDP-CVS and a heat exchanger
or a CFV-CVS with either a heat ex-
changer or electronic flow compensa-
tion. Figure 2 in appendix A to this
subpart is a schematic drawing of the
PDP-CVS system. Figure 3 in appendix
A to this subpart is a schematic draw-
ing of the CFV-CVS system.

(2) The HC analytical system for pe-
troleum-fueled compression-ignition
engines requires a heated flame ioniza-
tion detector (HFID) and heated sam-
ple system (191 £11 °C).

(i) The HFID sample must be taken
directly from the diluted exhaust
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stream through a heated probe and in-
tegrated continuously over the test
cycle. Unless compensation for varying
flow is made, the HFID must be used
with a constant flow system to ensure
a representative sample.

(ii) The heated probe shall be located
in the primary dilution tunnel and far
enough downstream of the mixing
chamber to ensure a uniform sample
distribution across the CVS duct at the
point of sampling.

(3) The CO and CO, analytical system
requires:

(i) Bag sampling (see 40 CFR part
1065) and analytical capabilities (see 40
CFR part 1065), as shown in Figure 2
and Figure 3 in appendix A to this sub-
part; or

(ii) Continuously integrated meas-
urement of diluted CO and CO, meeting
the minimum requirements and tech-
nical specifications contained in para-
graph (b)(4) of this section. Unless com-
pensation for varying flow is made, a
constant flow system must be used to
ensure a representative sample.

(4) The NOx analytical system re-
quires a continuously integrated meas-
urement of diluted NOx meeting the
minimum requirements and technical
specifications contained in paragraph
(b)(4) of this section. Unless compensa-
tion for varying flow is made, a con-
stant flow system must be used to en-
sure a representative sample.

(5) Since various configurations can
produce equivalent results, exact con-
formance with these drawings is not re-
quired. Additional components such as
instruments, valves, solenoids, pumps,
and switches may be used to provide
additional information and coordinate
the functions of the component sys-
tems. Other components, such as snub-
bers, which are not needed to maintain
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accuracy on some systems, may be ex-
cluded if their exclusion is based upon
good engineering judgment.

(6) Other sampling and/or analytical
systems may be used if shown to yield
equivalent results and if approved in
advance by the Administrator.

(b) Component description. The compo-
nents necessary for exhaust sampling
shall meet the following requirements:

(1) Exhaust dilution system. The PDP-
CVS shall conform to all of the require-
ments listed for the exhaust gas PDP-
CVS in 40 CFR part 1065. The CFV-CVS
shall conform to all the requirements
listed for the exhaust gas CFV-CVS in
40 CFR part 1065. In addition, the CVS
must conform to the following require-
ments:

(i) The flow capacity of the CVS must
be sufficient to maintain the diluted
exhaust stream at or below the tem-
perature required for the measurement
of hydrocarbon emissions noted in the
following paragraph and to prevent
condensation of water at any point in
the dilution tunnel.

(ii) The flow capacity of the CVS
must be sufficient to maintain the di-
luted exhaust stream in the primary
dilution tunnel at a temperature of 191
°C or less at the sampling zone for hy-
drocarbon measurement and as re-
quired to prevent condensation at any
point in the dilution tunnel. Gaseous
emission samples may be taken di-
rectly from this sampling point.

(iii) For the CFV-CVS, either a heat
exchanger or electronic flow compensa-
tion is required (see Figure 3 in appen-
dix A to this subpart).

(iv) For the CFV-CVS when a heat
exchanger is used, the gas mixture
temperature, measured at a point im-
mediately ahead of the critical flow
venturi, shall be within #11 °C) of the
average operating temperature ob-
served during the test with the simul-
taneous requirement that condensation
does not occur. The temperature meas-
uring system (sensors and readout)
shall have an accuracy and precision of
+2 °C. For systems utilizing a flow com-
pensator to maintain proportional
flow, the requirement for maintaining
constant temperature is not necessary.

(v) The primary dilution air shall
have a temperature of 25 °C +5 °C.
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(2) Continuous HC measurement system.
(i) The continuous HC sample system
(as shown in Figure 2 or 3 in appendix
A to this subpart) uses an ‘‘overflow”
zero and span system. In this type of
system, excess zero or span gas spills
out of the probe when zero and span
checks of the analyzer are made. The
“overflow” system may also be used to
calibrate the HC analyzer according to
40 CFR part 1065, subpart F, although
this is not required.

(ii) No other analyzers may draw a
sample from the continuous HC sample
probe, line or system, unless a common
sample pump is used for all analyzers
and the sample line system design re-
flects good engineering practice.

(iii) The overflow gas flow rates into
the sample line shall be at least 105
percent of the sample system flow rate.

(iv) The overflow gases shall enter
the heated sample line as close as prac-
tical to the outside surface of the CVS
duct or dilution tunnel.

(v) The continuous HC sampling sys-
tem shall consist of a probe (which
must raise the sample to the specified
temperature) and, where used, a sample
transfer system (which must maintain
the specified temperature). The contin-
uous hydrocarbon sampling system (ex-
clusive of the probe) shall:

(A) Maintain a wall temperature of
191 °C #11 °C as measured at every sepa-
rately controlled heated component
(that is, filters, heated line sections),
using permanent thermocouples lo-
cated at each of the separate compo-
nents.

(B) Have a wall temperature of 191 °C
+11 °C over its entire length. The tem-
perature of the system shall be dem-
onstrated by profiling the thermal
characteristics of the system where
possible at initial installation and
after any major maintenance per-
formed on the system. The profiling
shall be accomplished using the inser-
tion thermocouple probing technique.
The system temperature will be mon-
itored continuously during testing at
the locations and temperature de-
scribed in 40 CFR 1065.145.
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(C) Maintain a gas temperature of 191
°C £11 °C immediately before the heat-
ed filter and HFID. These gas tempera-
tures will be determined by a tempera-
ture sensor located immediately up-
stream of each component.

(vi) The continuous
sampling probe shall:

(A) Be defined as the first 256 cm to 76
cm of the continuous hydrocarbon sam-
pling system.

(B) Have a 0.48 cm minimum inside
diameter.

(C) Be installed in the primary dilu-
tion tunnel at a point where the dilu-
tion air and exhaust are well mixed
(that is, approximately 10 tunnel diam-
eters downstream of the point where
the exhaust enters the dilution tunnel).

(D) Be sufficiently distant (radially)
from other probes and the tunnel wall
so as to be free from the influence of
any wakes or eddies.

(E) Increase the gas stream tempera-
ture to 191 °C £11 °C at the exit of the
probe. The ability of the probe to ac-
complish this shall be demonstrated
using the insertion thermocouple tech-
nique at initial installation and after
any major maintenance. Compliance
with the temperature specification
shall be demonstrated by continuously
recording during each test the tem-
perature of either the gas stream or
the wall of the sample probe at its ter-
minus.

(vii) The response time of the contin-
uous measurement system shall be no
greater than:

(A) 1.5 seconds from an instantaneous
step change at the port entrance to the
analyzer to within 90 percent of the
step change.

(B) 20 seconds from an instantaneous
step change at the entrance to the
sample probe or overflow span gas port
to within 90 percent of the step change.
Analysis system response time shall be
coordinated with CVS flow fluctuations
and sampling time/test cycle offsets if
necessary.

(C) For the purpose of verification of
response times, the step change shall
be at least 60 percent of full-scale chart
deflection.

(3) Primary dilution tunnel. (i) The pri-
mary dilution tunnel shall be:

(A) Small enough in diameter to
cause turbulent flow (Reynolds Number

hydrocarbon
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greater than 4000) and of sufficient
length to cause complete mixing of the
exhaust and dilution air;

(B) At least 46 cm in diameter; (en-
gines below 110 KW may use a dilution
tunnel that is 20 cm in diameter or
larger)

(C) Constructed of electrically con-
ductive material which does not react
with the exhaust components; and

(D) Electrically grounded.

(ii) The temperature of the diluted
exhaust stream inside of the primary
dilution tunnel shall be sufficient to
prevent water condensation.

(iii) The engine exhaust shall be di-
rected downstream at the point where
it is introduced into the primary dilu-
tion tunnel.

(4) Continuously integrated NOx. CO,
and CO, measurement systems. (i) The
sample probe shall:

(A) Be in the same plane as the con-
tinuous HC probe, but shall be suffi-
ciently distant (radially) from other
probes and the tunnel wall so as to be
free from the influences of any wakes
or eddies.

(B) Heated and insulated over the en-
tire length, to prevent water condensa-
tion, to a minimum temperature of 55
°C. Sample gas temperature imme-
diately before the first filter in the sys-
tem shall be at least 55 °C.

(ii) The continuous NOx, CO, or CO,
sampling and analysis system shall
conform to the specifications of 40 CFR
1065.145 with the following exceptions
and revisions:

(A) The system components required
to be heated by 40 CFR 1065.145 need
only be heated to prevent water con-
densation, the minimum component
temperature shall be 55 °C.

(B) The system response shall meet
the specifications in 40 CFR part 1065,
subpart C.

(C) Alternative NOx measurement
techniques outlined in 40 CFR part
1065, subpart D, are not permitted for
NOx measurement in this subpart.

(D) All analytical gases must con-
form to the specifications of §89.312.

(E) Any range on a linear analyzer
below 155 ppm must have and use a
calibration curve conforming to
§89.310.

(iii) The chart deflections or voltage
output of analyzers with non-linear
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calibration curves shall be converted to
concentration values by the calibration
curve(s) specified in §89.313 before flow
correction (if used) and subsequent in-
tegration takes place.

[69 FR 31335, June 17, 1994. Redesignated at 63
FR 56996, Oct. 23, 1998, as amended at 70 FR
40445, July 13, 2005]

§89.420 Background sample.

(a) Background samples are produced
by continuously drawing a sample of
dilution air during the exhaust collec-
tion phase of each test cycle mode.

(1) Individual background samples
may be produced and analyzed for each
mode. Hence, a unique background
value will be used for the emission cal-
culations for each mode.

(2) Alternatively, a single back-
ground sample may be produced by
drawing a sample during the collection
phase of each of the test cycle modes.
Hence, a single cumulative background
value will be used for the emission cal-
culations for each mode.

(b) For analysis of the individual
sample described in paragraph (a)(1) of
this section, a single value rep-
resenting the average chart deflection
over a 10-second stabilized period is
stored. All readings taken during the
10-second interval must be stable at
the final value to within +1 percent of
full scale.

(c) Measure HC, CO, CO,, and NOx ex-
haust and background concentrations
in the sample bag(s) with approxi-
mately the same flow rates and pres-
sures used during calibration.

[69 FR 31335, June 17, 1994. Redesignated and
amended at 63 FR 56996, 57018, Oct. 23, 1998]

§89.421 Exhaust gas analytical system;
CVS bag sample.

(a) Schematic drawings. Figure 4 in ap-
pendix A to this subpart is a schematic
drawing of the exhaust gas analytical
system used for analyzing CVS bag
samples from compression- ignition en-
gines. Since various configurations can
produce accurate results, exact con-
formance with the drawing is not re-
quired. Additional components such as
instruments, valves, solenoids, pumps
and switches may be used to provide
additional information and coordinate
the functions of the component sys-
tems. Other components such as snub-
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bers, which are not needed to maintain
accuracy in some systems, may be ex-
cluded if their exclusion is based upon
good engineering judgment.

(b) Major component description. The
analytical system, Figure 4 in appendix
A to this subpart, consists of a flame
ionization detector (FID) (heated for
petroleum-fueled compression-ignition
engines to 191 °C 46 °C) for the measure-
ment of hydrocarbons, nondispersive
infrared analyzers (NDIR) for the meas-
urement of carbon monoxide and car-
bon dioxide, and a chemiluminescence
detector (CLD) (or HCLD) for the meas-
urement of oxides of nitrogen. The ex-
haust gas analytical system shall con-
form to the following requirements:

(1) The CLD (or HCLD) requires that
the nitrogen dioxide present in the
sample be converted to nitric oxide be-
fore analysis. Other types of analyzers
may be used if shown to yield equiva-
lent results and if approved in advance
by the Administrator.

(2) If CO instruments are used which
are essentially free of CO, and water
vapor interference, the use of the con-
ditioning column may be deleted. (See
40 CFR part 1065, subpart D.)

(3) A CO instrument will be consid-
ered to be essentially free of CO, and
water vapor interference if its response
to a mixture of 3 percent CO, in N2,
which has been bubbled through water
at room temperature, produces an
equivalent CO response, as measured
on the most sensitive CO range, which
is less than 1 percent of full scale CO
concentration on ranges above 300 ppm
full scale or less than 3 ppm on ranges
below 300 ppm full scale. (See 40 CFR
part 1065, subpart D.)

(c) Alternate analytical systems. Alter-
nate analysis systems meeting the
specifications of 40 CFR part 1065, sub-
part A, may be used for the testing re-
quired under this subpart. Heated ana-
lyzers may be used in their heated con-
figuration.

(d) Other analyzers and equipment.
Other types of analyzers and equip-
ment may be used if shown to yield
equivalent results and if approved in
advance by the Administrator.

[69 FR 31335, June 17, 1994. Redesignated at 63
FR 56996, Oct. 23, 1998, as amended at 70 FR
40446, July 13, 2005]
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